IN a certain proportion of patients in whom vertigo occurs in association with deafness, the signs and symptoms are readily recognizable as being due to inflammatory or neoplastic processes involving the labyrinth, the VlIIth nerve or its connexions within the brain-stem.
When these have been excluded there still remains a considerable group long recognized, at any rate in this country, as a well-defined clinical entity and variously referred to as Meniere's syndrome, Meni&re's disease, aural vertigo, &c. In these, the vertigo is characteristioallv paroxysmal, is often associated with nausea, vomiting, deafness and tinnitus, and occurs in the absence of any other neurological abnormalities.
The histological changes in the labyrinth in two cases clinically characteristic of this group were described in 1938 (Hallpike and Cairns) . Similar findings were revealed in a third case (Hallpike and Wright, 1939) . Since then changes almost identical in character have been described in the affected temporal bones of all of six subjects examined in Witmaack's laboratory by Rollin (1940) .
Although certain differences of opinion are likdly to continue as to the precise mechanism which underlies the essential feature common to these findings, namely the endolymphatic distension, and relates it to the clinical manifestations, it seems justifiable to regard this work as establishing the morphological basis of this disorder.
The clarification of existing views effected thereby takes two forms: In the first place, it has been shown that gross organic changes occur within the labyrinth and not in the VlIIth nerve, and that in type they conform with startling exactness to the state of endolvmphatic hypertension, which had been postulated by Jenkins, Portmann and others. In the second place, the remarkable uniformity in all of the cases examined of histological changes so peculiar in character suggests that they are due to a specific disease process of the labyrinth, and in this way contradicts a not uncommon but quite opposite view that the disorder could be regarded as a symptom-complex due to a wide variety of pathogenic agents acting within the labvrinth upon the sensory elements, their vascular supply or the labyrinth fluids.
The present paper deals with certain results of investigations of the clinical features of this disorder which have been in progress at the National Hospital for the last two years.
For the greater part the clinical material has been provided from the Out-patients' Department. All the patients suffered from paroxysmal attacks of vertigo, usually associated with deafness and tinnitus. No other neurological abnormalities were present. A blood Wassermann test was carried out in the majority and was negative in all.
THIE TECHNIQUE, RESULTS AND SIGNIFICANCE OF THE CALORIC TESTS
The tests in question are the caloric tests of Bairainy modified in the light of experience and of certain theoretical considerations. The tests are carried out with the patient lving comfortably on a couch, with the head raised 30°from the horizontal. Four tests are carried out, two on each ear, with water at 30°and 44°C. Each ear is irrigated for forty seconds at a constant and fairly free rate of flow. Throughout the tests, the eyes are fixed in the straight ahead position upon a convenient spot on the ceiling. The resultant nvstagmus is therefore of the second degree variety and is observed with good illumination from a head mirror at a distance of about 12 in. The measure of the AUG.-OTOL. 1 534 Proceedings of the Royal Society of Medicine 22 response is taken as the time in seconds between the application of the stimulus and the end of the response. This is conveniently, though inaccurately, described as the response duration. Actually it represents a lumping together of latent period and response durati,on. For our own purposes, we have not found it an advantage to take special account of the latent period. 1 The results are expressed in the form which is shown in fig. 1 . Each continuous line represents a three-minute period, subdivided into intervals of minutes, twentv seconds 1300C -44.0C. (Reproduced by permission of the Editor of Brain). and ten seconds. The reactions of the left and right ears are denoted by L. and R., while the stimulus time extends in all over the first forty seconds. The interrupted lines denote the response durations. For further reference the responses iare numbered 1-4 from above downwards. In responses I and 4 the direction of the nystagmus is of course to the right. In responses 2 and 3 the nystagmus is to the left. The response pattern shown represents the average normal, with the two cold reactions close together at about two minutes and the two hot reactions also close together and of rather shorter duration. In agreement with all observations since Bairany, we have found that these reactions vary widely in normal individuals. Nevertheless, this variation is chiefly in respect of their general magnitude. The pattern of the responses which determines their diagnostic worth varies much less.
Principles underlying tests.-Emphasis is laid upon three points which underlie the rationale of these tests.
(a) Temperature of the stimuli.-The organ which is chiefly, and it may be solelv, involved is the ex-ternal canal. For reasons which will be iapparent, it is desired that the deflecting powers of the stimuli upon the cupula should be equal and opposite. The temperatures used are therefore 30°and 44°C., 7°below and above body temperature.
(b) Intensity of the stimuli.-It is desired that the test should be as sensitive as possible, that is to say, that it should be capable of revealing the srnallest significant changes in sensitivity of the cupular end-organs. Fig. 2 shows the typically sigmoid form of the stimulus intensity-response curve of a number of receptors stimulated together. From this it is clear that for maximum STIAULUS STRENGTH.
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sensitivity the stimuli should be of moderate intensity, i.e. that they should fall upon the rising portion of the curve. In the case of the caloric reactions, this condition is fulfilled in the majority of individuals by free irrigation for forty seconds at 30°and 440 C.
(c) The necessity for using both cold and hot stimulation.-This is required for the demonstration of the phenomenon originally described as nystagmusbereitschaft and to which we have given the name of directional preponderance . To explain this, it will be necessary to answer three questions: (1) What is 535 directional preponderance? (2) How do the caloric tests reveal it? (3) What is its practi,cal significance when revealed?
(1) Directional preponderance: The phenomenon of directional preponderance of induced vestibular nystagmus was first reco'gnized and described in 1923 by Dusser de Barenne and de Kleyn from the results of certain animal experiments. Working with rabbits, they found that removal of one cerebral hemisphere led to a facilitation of the nystagmic response to any form of vestibular stimulation which produced nystagmus in a particular direction, i.e. with its quick component towards the ablated hemisphere.
Thus, with removal of the right hemisphere, there was an enhiancement in 'the responses of the right ear to hot stimulation and of the left to cold. Similarly, with rotation, there was an enhancement of the response consisting of nystagmus to the right to a cessation of rotation to the left.
An application of these results to the human subject was described by FitzGerald and Hallpike in 1942 who found that directional preponderance did occur in association with some cerebral lesions, but that its occurrence and direction were dependent upon the involvement of one or other of the temporal lobes.
(2) Alterations of caloric responses due to directional preponderance: In fig. 3 directional preponderance to the right resulting from a lesion of the right temporal lobe, i.e. facilitation of the left cold and the right hot responses, both of which consist of nystagmus to the right. With a lesion of the left temporal lobe, there occurs directional preponderance to the left (C), i.e. facilitation of the right cold and the left hot responses, both of which consist of nystagmus to the left. It is of particular importance to note that of these four reactions, which go to make up the pattern of a directional preponderance, each ear contributes a particular disturbance of its own two reactions. Thus, in the case of directional preponderance to the right, the normal relationship of the cold to the hot reactions of the left ear is altered in favour of the cold, and of the right ear in favour of the hot. It follows that when two of these reactions are eliminated from the pattern, as for example, when one labyrinth is defunct, the presence of a directional preponderance can still be correctly deduced from a characteristic alteration in the responses of the opposite ear. This situation is of importance inasmuch as directional preponderance may arise, as will be seen, as a result of unilateral labyrinth destruction.
The occurrence of directional preponderance in "Meniere's" disease was first recognized 536 Proceedirngs of the Royal Soctety of Medicine 24 by Vogel of von Eicken's clinic, who in 1929 gave a very clear account of its occurrence in a number of characteristic cases. Vogel was aware of the work of Dusser de Barenne and de Kleyn upon the effect of cerebral lesions,.in producing directional preponderance and was led thereby to suggest that his own findings argued in favour of the theory that the lesion in "IeIniere s' disease was situated in the central nervous svstem, and not in the labyrinth.
(3) The mechanism and significance of directional preponderance due to labyrinthine lesions: In this, our own views have been advanced by certain observations upon the effects of unilateral labyrinthectomy carried out for intractable "M6eniere's" disease upon the caloric responses of the opposite ear. Present knowledge of the effects of unilateral labyrinth destruction in the human and of their physiological basis is founded upon the work of Baranv. In the great majority of his patients, the destruction was due to suppuration. Following the abatement of spontaneous nystagmus to the opposite side, which is characteristic of the period immediatelv after the destruction, Barainy found that his patients showed a constant deviation from the normal response to rotation in that there occurred a marked preponderance in the nystagmic response to a cessation of rotation to the side of the affected ear. His findings are illustrated in fig the head with the two horizontal canals from above. The left labyrinth has been destroyed. Rotation now affects the right labyrinth alone. Comparing post-rotational nystagmus to the left and right, Bafrafny found that much the bigger response, consisting of nystagmus to the right, occurred on stopping a rotation to the left; the ratio of this response to its opposite being characteristically 2: 1. According to Ewald's law, the external canal reacts chieflv to ampullo-petal flow of endolymph, and if this law be accepted as valid for the human subject, then according to fig. 4 the right canal, which remains to respond alone, should correspondingly give a bigger response to ampullopetal flow. Such a flow does result from a cessation of rotation to the left and results in nystagmus to the right. This was exactlv what Bafrafnv found and since it was exactly in accordance with Ewald's law, he accordingly regarded this law as confirmed and illustrated by his findings. He also noted that this preponderance in the effect of a rotational stimulation causing an ampullo-petal flow of endolymph became gradually lessened in the course of time. This effect, sometimes known as Ruttin's reaction, he attributed to processes of central compensation.
Although Barany is best known for his work in connexion with the caloric tests, he never established these upon a quantitative basis. On the other hand, he developed very fullv the quantitative possibilities of the rotational tests.
Our own 'approach to the clinical problem of unilatetral labyrinth destruction differs from Barainv',s in a number of important respects. In the first place, we have made use of the caloric tests both hot and cold, applied in a quantitative manner. In the second place, the labyrinth destruction in our patients was carried out as a surgical procedure as a part of their treatment for "Meniere's" disease. It was therefore possible for us to examine the caloric responses, in particular of the healthy ear, before as well as after labyrinth destruction.
Owing very largely to these differences in the manner of our approach, we h,ave been led to conclusions which differ radically from those of BaTrafny and for reasons %which iare contained in fig. 5 . This shows the caloric reactions before and after labyrinthectomv of a man who had an eighteen months' history of vertigo and vomiting with increasing deafness of the right ear. Apart from a slight diminution in the responses of the right ear, the caloric responses were normal. The first important feature about this diagram is the greater magnitude of the cold responses. The cold and 2.3 Section of Otology 537 hot temperatures are selected as being equidistant from body temperature and are therefore calctulated to produLce equLal and opposite effects upon the canal cupula. Nows according to Ewald's law, the hot stimulus which causes an ampullo-petal flow of endolvmph should give much the bigger response. In fact, however, the cold is the more effective stimulus and our findings over some hundreds of tests show that the cold responses are the greater in the majority of cases. In some, the responses are equal, while in a few the hot responses slightly exceed the cold. The first conclusion, therefore, to be drawn from this diagram is that Ewvald's law does not apply to the external canal of the intact human subject. Instead, the canal may be said to exhibit bi-directional sensitivity to endolymph movement.1
The second matter to be considered is the behaviour of the reactions of the sound ear, reactions 1 and 3. Before the destruLction of the right labyrinth, these two reactions exhibit a relationship which is described as normal,^with the ,cold responses exceeding the hot. Three weeks after the operation, however, this relationship is strikingly altered, and the hot response, consisting of nystagmus to the left, is now much larger. Comparison of this with the full pattern of a directional preponderance to the left, shows that while twvo of {the elements have been eliminiated by the destruction of the right labyrinth, nevertheless the remaining two reactions of the left ear show the identical disturbance in their relationship which is found here to be characteristic of directional preponderance to the left. In other words, directional preponderance to ithe left has here been brought about by destruction of the right labyrinth.
If such a patient is examined in a Barainy chair, it will be found, as Barany found, that there is a marked preponderance of the nvstagmic 'response to the left which occurs Proceedings of the Royal Society oJf Medicine 26 on stopping a rotation to the right. If further, the hot and cold responses of the left labyrinth continue to be investigated over a period of months, then it will be found, as in this patient, that the preponderance of the hot response graduallv disappears. Again a result which is familiar in the form of the so-called Ruttin reaction. Whereas, however, Bariny regarded such a preponderance of the nystagmic response towards the sound ear following destruction of one labvrinth as merely exemplifying and confirming Ewald's law, in other words, that in these circumstances the remaining external canal and its associated central connexions are left alone bv a process of simple subtraction to respond in their normal manner, it is clear from these diagrams that the normal responses of the left canal, shown in reactions 1 and 3, themselves contradict Ewald's law and that the directional preponderance which they exhibit after the destruction of the right labyrinth is a pathological state resulting from that operation. Since throughout the left canal itself has remained intact, it follows that these changes in its responses are of central origin. In this way, therefore it becomes possible to say that directionzal preponideranice in these circiumnstances is a pathological chanige in the central responises of the external canial dute to destrutction of the opposite labyrinith, whether by supputration or sutrgical exenterationz.
The establishment of this point is important for two reasons. In the first place, it gives promise that further analysis of the known effects of unilateral labvrinth destruction will lead to an ex,planation of the underlying mechanism of directional preponderance. In the second place, it makes it possible to regard without surprise, and indeed to anticipate, the occurrence of directional preponderance in the natural course of any disease of the labyrinth involving a loss of its function, in particular, "ANIeniere s" disease.
Dealing first with the physiological basis of the well-known effects of unilateral destruction of the mammalian labvrinth, both in man and animals, the immediate effects are severe and driamatic. As Magnus showed, these effects are essentially the same whether the labyrinth function is destroyed by surgical exenteration or by cocainization, and we must therefore agree with him in concluding that they are of paralytic origin. Our present needs will be served by confining ourselves to the consideration of one alone of these effects, namely, spontaneous nystagmus to the opposite side. In man, this usually persists for about a week and is immediately followed, as described, and as we have now observed in all of more than a dozen cases, by a directional preponderance of caloric or rotational nystagmus in the same direction.
The correspondence in direction and the unbroken transition between the original spontaneous nystagmus and the directional preponderance which succeeds it, make it extremely probable that the latter is a residuum of the former and that both should, therefore, be explicable uipon the same basis.
The physiological basis of spontaneouis nystagnmuts following unilateral labyrinth destruction. Fig Sectiont of Oiology 539 control of huiman eve movements in the horizontal plane, which it is reasonable to accept as established. For the purpose of simplicitv, the two eyes are replaced by one which is moved by two sets of muscles, its left and right turners, each activated by its particular set of motor cells, labelled as motor cell groUps. Nvstagmus is a compound ocular movement of which the slow deviation is the primary element and is usually initiated from the periphery. The quick component follows the slow and is initiated bv it through a reflex mechanism subserved by certain subsidiary cell groups, which according to Lorente de No are located *vithin the substantia reticularis. For the present purpose, the slow deviation is the priim-arv element and it is the slow deviation which has been made the basis of the diagram (fig. 6 ). The impulses which reach the motor cell groups from the labyrinths are of two kinds. There are firstly the tonic impulses, represented bv continuous lines. The bulk of the evidence at present available favours the view that these tonic impulses are derived principally from the utricle.
Considering first the effects of interrupting all impulses passing up the right VlIIth nerve bv destruction of the labyrinth on this side, the immediate resuLlt is nystagmus to the opposite side, involving that is to sav a primary ocular deviation to the same side.
The condition is paralytic lin nature and is, therefore, due to the elimination of impulses reachsing the vestibular nuclei from the affectedl labvrinth. Since Lalso the nystagmus is continuous at rest, the impulses concerned must be of the tonic class and must, therefore, be chiefly of utricular origin.
It is argued, therefore, that the spontanieous nystagmus which immediately follows destruction of one labyrinth is due to the elimination of tonic impulses from the affected utricle. As is known also, this spontaneous nvstagmus ceases to be manifest after some daysl and is followed by a period of latency. In the course of this period, the effects of any stimulus applied to the opposite labyrinth which again evokes this nystagmus will be strongly facilitated. This stage corresponds to the directional preponderance of caloric or rotational nystagmus, which has alreadv been described and which later tends to disappear.
If, as seems likely, directional preponderance is a diminishing form of the spontaneous nystagmus which immediately follows destruction of one labvrinth, then it follows that directional preponderance itself must also be attributed to the elimination of utricullar impulses from the affected labyrinth.
The anticipated pattern of the caloric responses resulting from a right utricular lesion is shown at B in fig. 6 . There (is a facilitation of responses 2 and 3, the right cold and left hot, in which the primary deviation is to the side of the affected utricle, the right, with nystagmus of course to the left. Quite apart from such tonic impulses, ocular deviations are usually initiated bv phasic responses of the canal organs to rotational or caloric stimulation. These impulses are represented in fig. 6 by interrupted lines. An ampullo-petal flow of endolymph in the right canal is caused by hot caloric stimulation. This results in a transient reinforcement of the tonic impulses leaving the right vestibular nuclei and induces an ocular deviation to the left, i.e. nystagmus to the right. The same result is achieved by an ampullo-fugal movement of endolvmph, which would result from cold stimulation of the left canal. Converselv, the left vestibular nuclei receive phasic reinforcements in the same manner from ampullo-fugal flow in the right and ampullo-petal flow in the left cantals, induceJ respectively bV hot and cold stimulation. In both cases, the result is ocular deviation to the right, i.e. nvstagmus to the left, These considerations lead to the expectation that a quite different type of disturbance in the normal pattern of the caloric responses would be likely to result from the selective destruction, partial or complete, of an external canal crista such as might also be expected to occur in the course of a labyrinthine disease, such as "Meniere's" disease.
The pattern of the caloric responses in such a lesion of the left canal is shown at A in fig. 6 . Under these conditions, there is neither spontaneous nystagmus nor any directional preponderance. Instead, the cold and hot responses of the left canal are equally reduced. Meanwhile, the two responses of the opposite canal exhibit their normal relationship, so showing the absence of directional preponderance.
Two quite distinct varieties of change in the normal pattern of the caloric responses have now been described, directional preponderance and canal paresis. On hypothetical grounds these have been attributed respectively to lesions of the utricle and external canal. We are led now to consider whether in fact such changes have been encountered in our own series of cases and, if so, to what extent. Table I gives the results of the caloric tests in 100 cases of "M£niere's" disease seen at Queen Square. Of these 12 gave normal reactions. In 21 there was a directional preponderance and in 49 -a canal hypofunction. It has been of the greatest interest to compare these results with results described by de Kleyn and Versteegh in an important paper to which our attention has recently been directed, published in 1933. Their results are also shown in Table II . They agree with Vogel in finding directional preponderance, but in addition they find many cases in which the caloric tests gave results corresponding to our own group of canal hypofunction. The technique of stimulation which they used was Kobrak's, using both cold and hot water and, if account be taken of the difference in the two methods of testing, the two sets of results show a fair measure of agreement.
De Kleyn and Versteegh do not attempt to explain the mechanism of these abnormalities and indeed express their acceptance of 'the vascular spasm theory as the pat-hological basis of the disorder. This consideration is, however, of less concern than the fact that these particular abnormalities in the caloric reactions do occur, and in this respect, our own agreement with the earlier findings of de Kleyn and Versteegh, arrived at quite independently, is worthy of considerable emphasis.
In addition to these two types of change, certain others have been encountered. These occur quite frequently and their nature and significance were for some time obscure. One such change is shown in fig. 7 . While the two cold responses are approximately equal, there is a gross inequality in the hot responses. A change of this kind, when it occurs, is usually associated with deafness in the left ear and is therefore likely to be due to disease of the left labyrinth. This being so, it has seemed reasonable to suggest that it might be due to lesions of the left canal and utricle occurring in combination.
How these lesions may combine to produce the result is shown in fig. 7 . B is the pattern of a left canal lesion; C the pattern of a left utricular lesion with directional Ano'ther variety of irregularity, produced probably in a similar way, is met with nearly 'always in association with a deafness of the right ear. Its pattern is shown in ALTHOUGH "Meniere's" disease does not cause any obvious pathological changes in the body apart from the labyrinth it can, by the very violence of its symptoms, reduce the sufferer to a stagte of chronic invalidism. Thus it requires a person of robust temperament to bear with equanimity the disturbance both mental and physical that forms part of the recurrent attacks. Those who are unable to stand up to the ordeal will exhibit symptoms of nervous strain in varying degree. Such patients do not always respond easily to treatment because even if they are relieved of their severe attacks they may find difficulty in regaining self-confidence. They require constant encouragement and careful rehabilitation, particularly if they have been submitted to operation. Another factor to be considered, especially when any particular form of treatment is being assessed, is the natural tendency of the disease towards spontaneous remissions, and it is important to guard against iattributing such a remission to a successful response to treatment.
Before describing in detail two forms of treatment that have been found helpful *a short review will be given of some of the more generally accepted measures for the alleviation and treatment of "Meniere's" disease.
Sedatives have long been in use and of these phenobarbital has established itself as the most popular, and rightly so, for regular doses of this drug seem to discourage the spread of the disturbance caused by an attack to other parts of the central nervous system.
That overloading of the affected labyrinth with fluid played a part in causing the 542 Proceedings of the Royal Society of Medicine 30 symptoms may haxe been suspected by Politzer (1893) when he advocated pilocarpline.
This theme vas elaborated by Dederding (1929) who postulated a general condition of fluid retention due to abnormal water metabolism for which she advised diuretics and a reduced fllid intake. Furstenberg, Lashmet and Lathrop (19134) carried this a step fur,ther and described a regime that favoured excretion of the fluid-binding sodium. These measuires have been employed often with good results in cases where the strict dietetic regime is and can be faithfullv followed.
Recentlv Shelden and Horton (1940) have reported on the valuLe of histamine in a certain proportion of cases and this has been confirmed by others, although no one is quite clear whv this should be. In the small number of cases in xvhich we have used histamine about one-third have been helped.
It has been suggested bv Atkinson (1942) that a favourable response to histamine treatment can be expected in allergic cases that give a positive skin reaction to histamine, but it is not certain how much reliance can be placed on such a skin test.
Nicotinic acid has been advocated by Atkinson (1942) for its vasodilatation effect. We have no experience of this form of -treatment.
Inflation of the EuLstachian tuLbe has been practised extensively although opinion differs as to the number of cases of "Meniere's" disease that are associated wvith Eustachian insufficiency. We very rarely see it, and we do not think that the false negative Rinne that is so often noted in unilateral perception deafness in anv way indicates a lesion in the conducting part of the auditory mechanism. Wright (1938a) has found that relief from attacks can be expected when a focus of sepsis is found and eradicated. We have examined all our Cases for evidence of oronasal sepsis and have taken suitable steps to remove any that has been found, with improvement in some cases. The proportion of such cases has, however, been small and it would seem doubtfLul wvhether infection in the nose or throat plays a very important part in the causation of the disease.
Of the operative measures employed the most rational would seem to be drainage of the saccus endolvmphaticuLs as advocated bvT Portmann (1927) . Woodman and Adams (1939) have also described several cases in which this has been done. We 'have attempted this operation in twvo cases. In one, the saccus was opened, but the other presented difficulties that made it impossible to be sure that the saccus had been opened. In the first there wvas a gradual loss of activity, leading slowlv to complete extinction of function.
In the second there was but little post-operative disturbance and no loss of function. Drainage of the perilvmph space was advocated by Hautant and others and Mollison (1935) and MIill (1936j have each reported series of cases in which 'alcohol was injected into the labyrinth after opening the perilymph space of the external semicircular canal, thereby destroving all function. After the initial post-operative disturbance was overcome this procedure resulted in the abolition of paroxvsmal attacks. The cases that we have treated in this manner have resulted in complete absence of response to both cochlear and vestibular stimulation.
Section of all or part of the VIlIth nerve has long been in favour, especially in America where Dandv (1928) , and in France where Aubrv and Ombredanne (1937), haxe reported large series of cases. In this country Cairns and Brain (1933) have ;also reported good results. Recentlv all these workers have contented themselves with section of the vestibular division of the VIlIth nerve only, leaving the cochlear division intact, so that whast remains of the hearing will not be disturbed. In this connexion it may be mentioned that the disease may cause such distortion of hearing on the affected side that anv but the softest of sounds are distressing, and several of our patients have volunteered the information that the loss of distorted hearing on the diseased side has enabled them to listen to loud sounds such as the wireless and children's voices without discomfort. Wright (1938b) injects alcohol into the perilvmph space through the tympanic membrane and stapes footplate. This gives the same results as the other forms of alcohol injection and it has the great merit of being surgically simple.
There are two variations of the forms of treatment mentioned that we have found helpful. We have been using a combination of hyoscine gr. 1/600, hyoscyamine gr. 1/150 that is the basis of a well-known and I am told effective sea-sick remedy known under the proprietarv name of "Vasano". One to three of these tablets a day is often sufficient to keep the attacks at bay, but excessive dryness of the throat or transitory blurring of vision may call for a smaller dosage or changing over to a mixture of luminal gr. x/2 and pilocarpine gr. 1/12 to be taken two or three times daily.
If this or a combination of the other conservative measures already mentioned does not keep the svmptoms in check, then the possibility of destruction of function is considered. We do not favour the operation that is to be described unless the disease Section oJ Otology 543 cannot be checked by conservative treatment and unless there is a considerable loss of hearing on one side and good hearing on the other. Of the cases under review 2000 have been submitted to operation and as a number of other cases have been seen during this period that have not been included it is probable that less than 15% of all cases seen have been operated on.
We have found that in order to abolish function in the labyrinth all that is necessary is to open the endolymphatic space. We have found that the injection of alcohol is not essential as the same results can be.produced by merely opening the membranous labyrinth. In order to ensure that the endolymphatic space is properly opened we now remove a portion of the membranous labvrinth from the external canal, this part of the labyrinth being chosen as being the most accessible.
In order to do this it is necessary to work in a magnified field and for this we have since 1938 been using a Leitz binocular dissecting microscope giving 10 diameters of magnification. We have tried with 5 and with 20 diameters, but have found that the 10 diameter magnification iis the most convenient. This particular dissecting microscope has the great advantage of having a working distance of 22 cm. between the microscope and the object, thus enabling the operation to be carried out without transgressing the aseptic ritual. Such an instrument has been in use for many years in animal otological surgery. Holmgren (1923) was the first to use a binocular dissecting microscope for operations on the labyrinth. Tullio of -Parma (1938) described its use in mastoid surgery, and more recently Shambaugh (1942) in America has used it in the surgical treatment of otosclerosis. We have found the microscope to be of very great help in many operations on the temporal bone, particularly in those on the facial nerve (Cawthorne, 1941) and the internal ear.
The approach to the labyrinth is via the mastoid, sufficient bone being removed to ensure a good view of the external semicircular canal. This calls for enlargement of the aditus and removal of the incus. Care is taken not to encroach upon the osseous meatal wall for fear of opening into the external meatus, because it is felt that such an incident may prejudice healing by first intention. In the case of a cellular mastoid no attempt is made to open up all the cells or indeed any more than are necessary to obtain a proper exposure of the canal. For this part of the operation it is neither necessary nor is it particularly convenient to use the microscope. When the canal has been adequately exposed, especially in the antero-inferior aspect of its convexity, the bone in this region is carefully and slowly removed with a dental burr under the microscope. We have found that a diamond dust burr is easier to work with than the ordinary steel burr because it does not get clogged with bone dust, it remains sharp indefinitely, it has a very gentle bite and it is less inclined to slip or run. We use a portable dental machine working at 3,000 revolutions per minute. Working the drill along the convexity of the external canal in its lower half, backwards and forwards through an excursion of about 5 mm. a trough is gradually excavated. As the lumen of the canal is approached it will be possible to see a dark tache in the trough which marks the line of the lumen. This is followed forwards and backwards so that from 5 to 10 mm. of lumen will be exposed. As soon as the lumen is opened perilymph seeps through and converts the dry bone dust into a soggy mass like wet sugar. The remainder of the exposure is then carried out with sharp dental instruments, and when the debris has been cleared -away the transparent membranous canal will be seen in the upper part of the lumen like a fine glass tube. This is seized with fine forceps and removed, a procedure that sometimes is tedious, as the membranous tube may be elusive. Once this has been removed the operation is ended and the mastoid wound stitched up without drainage. So far 52 cases have been operated on, of which 20 occur within the present series of 100 cases under review. All have healed by first intention and there have been no complications. The immediate post-operative effect has been the -same as in other forms of labyrinth destruction and the degree of post-operative disturbance has been lurgely governed by the amount of function that was present in the affected labyrinth before operation. Where there has been but little function beforehand, and I refer of course to the vestibular part, there is likely to be but little disturbance afterw ards, and conversely where the response to the caloric test has been active, the post-operative disturbance will be much more marked. In this connexion it mav be mentioned that marked pre-operative impairment of function is the probable explanation of the observations of Dandy (1928) and Svmonds (1933) that section of the VIlIth nerve causes but little disturbance; we cannot think of any grounds for believing that section of the nerve will cause less disturbance than destruction of the end-organ. It is not necessary to describe in detail the nature of the post-operative disturbance; the typical picture of acute vestibular failure with the patient lying usually on his sound side, his head almost pushed into the pillow for support against the vetigo, a vomit bowl at hand Proceedings of the Royal Soctety of Medtcine 32 and the eyes closed. He dislikes any movement and if he opens his eyes he will be foulnd to have an obvious nvstagmus, even when looking in the direction of the slow component. In fact it is not easy to get him to look in anv other direction. This will be the picture if there was a fairly active labyrinth before operation. Fortunately many of the patients submitting to operation have but little vestibular function on the affected side and the postoperative reactions are proportionately less severe. It is not uncommon when there is but little pre-operative function to find the patient lying on his back propped up with pillows and reading the paper the day after the operation. We have found that the younger patients of both sexes tend to suffer from difficuLltV in micturition for the first two days after operation and in six cases administration of doryl or catheterization was necessarv. In only two cases has there been any evidence of functilon after the operation, either cochlear or vestibular. Both of these were cases in which an attempt Was made to drain the saccus. In the first, function slowly faded away until the labyrinth was dead and in the second, ill which there was some doubt as to whether the operation had been properly carried out, function remained. The following tables have been drawn up to show the effect of the operations on the principal symptoms. As regards the final result, there have been two cases in wvhich after a period of two years in one case and eighteen months in the other the symptoms returned, only this time the vertigo was in a different direction and the other ear was 'obviously affected. In another case 'after a clear interval of some six months the same symptoms returned, whilst in a fourth case the symptoms were unaffected by the operation. The rate of recovery from the post-operative disturbance depends not only upon the degree of preoperative function but also in no sm4all measure ion the temperament land outlolok of the patient. The patient of equable temperament who is eager to rcturn to normal life will welcome the relief from attacks afforded bv the operation and is unlikely to heave much difficultv in readju.sting himself to h!aving to go about his work with only one labvrinth. Many patients suffering from "Mle'niere's" disease are, however, profoundly disturbed bv their attacks and mav become undulv apprehensive about the possibility of future attacks. Such patients may find it difficult to reorientate themselves after operation, especially as they find that being deprived of a labyrinth, even though it fuLnctions intermittently like a spluttering engine, means that they wZill be liable to momentary unstcadiness after sudden head movements. Patients wvho have beess profoundly upset in the past by their attacks may find it difficult to adjust themselves even to this momentary unsteadiness and it may take some time before they can gain confidence and be reassured that these fleeting symptoms do not mean more attacks and that they need not limit their activities. Recently it has been found most advantageous to encourage rehabilitation by means of special exercises that have been devised at the Rehabilitation Centre at the Horton Emergency Hospital under the care of Dr. Cooksev. These exercises include head and eye movements, walking up and down stairs, bending and stooping and walking with the eyes closed. They are designed to encourage the patient to adjust himself to any unsteadiness that followvs such movements. We believe that these exercises, originallv devised for soldiers suffering from post-concussional vertigo, will be of the greatest value in hastening and perfecting the process of readjustment. Generally speaking we find that an average case can return to his former employment after two months. Two recent patients who had but little pre-operative labyrinthine ftunction insisted on returning to their duties, one as a clerk, the other as a male nurse, within a month of operation, but such rapid recoveries are unusual. Some take much longer and a few are unable to work again, although they no longer have attacks (Table III) .
In conclusion, we have not found any one form of conservative treatmcnit that we ))))))))))) 44444 4))))))) )o )))) 4)4 ))))))) 4. Proceedings of the Royal Society of Medicine 34 have mentioned give uniform results in every case and we think that it may often be desirable to combine or alternate the various measures available. As regards operative treatment, we have found that opening the endolymphatic space in the manner described is sufficient to abolish function in the labyrinth and that this procedure is quite safe and is not followed by any untoward results.
We recommend it for those cases of "Me'niere's" disease with marked deafness or distortion on the affected 'side which do not respond to some form of conservative treatment.
Mr. A. J. Wright: The deafness of " Menire's " disease.-In order to gain a broad picture of the degree of deafness met with in this disease I made an analysis of the records of 100 cases.
The degree of hearing is described under the terms good, useful and bad. By good hearing is meant perception for the whispered voice at 15 feet; useful hearing, perception for the conversation voice at 6 feet or more; bad hearing, no perception for the conversation voice at 6 feet.
It was surprising to find on taking the group of 100 cases as a whole that in only 8 of them was the hearing bad in both ears. Of the remainder 41 retained good hearing in one ear, 7 good hearing in both, and the remaining 44 retained useful hearing in at any rate 1 ear.
Of the cases with good hearing in both ears at the time of examination the complaint had existed for periods of three months, four months, two, thTee, four, fifteen and nineteen years respectively.
It would therefore seem that this disease only produces a high-grade hearing defect in about 8% of cases while about a similar proportion may be expected to retain good hearing in both ears over long periods. Of the remainder about an equal number may be expected to retain good or useful hearing in at any rate one ear.
From this analysis cases would seem to fall into two groups, those with a unilateral and those with a bilateral onset. In this series 72 were of unilateral onset and 28 of bilateral. The smaller group seems to present certain special features. Thus the outlook from a hearing point of view seems to be relatively bad, seven of the total of eight cases recorded as bad occurring in this group. In addition these bilateral cases seem to be most resistant to treatment. In two of them in which the C.S.F. was investigated an increase in protein content was observed. This finding would perhaps suggest an associated derangement of perilymph, endolymph and C.S.F: From the point of view of employment of any destructive operation for the relief of the vertigo, it is of importance to estimate the probability of a serious degree of loss of hearing taking place in the future in the unoperated ear.
I found that of the 72 cases with a unilateral onset in only 13 did the other ear become affected later. The longest interval preceding this involvement was twenty-five years, the shortest eight months, and in 9 of the 13 cases the period was greater than ten years.
Actually only 1 of these 13 cases did not retain useful hearing. Thus the chance of an individual retaining good hearing over a long period in a case of unilateral onset would seem to be good.
From a clinical standpoint, therefore, " M&ni6re's " disease does not frequently produce a high grade deafness in both ears; when it does do so it is usually in cases in which the complaint is definitely bilateral in onset; where the complaint is decidedly unilateral there is a strong probability that the other ear will retain useful hearing in the future.
Major T. A. Clarke: Observations on the caloric tests of vestibular function.-In September 1942 Cawthorne, FitzGerald, and Hallpike published three papers under the general title "Studies in Human Vestibular Function". It is with certain theses therein contained that this paper is concerned.
Labyrinthine tonus.-Cawthorne, FitzGerald and Hallpike put forward the hypothesis that the utricle is the seat of origin of the continued labyrinthine tonus, the interruption of which, e.g. by labyrinthectomy, or the diminution of which in disease, is responsible for spontaneous nystagmus or the phenomenon of directional preponderance of nystagtnus to which they draw attention.
It would seem that their argument is based upon Ross's investigation of action currents 35 Section of Otology 547 in the VIIIth nerve of the frog, recording that certain parts of the nerve, inactive during rest, were active during rotation; and also based (perhaps fundamentally) upon McNally and Tait's experiments also upon the frog, finding that ablation of nerve impulses from all the labyrinthine parts except the utricle produced no change of posture, whereas ablation of the utricle produced gross change of posture. Cawthorne, FitzGerald and Hallpike themselves draw attention to the danger of making assumptions as to hUman vestibular function from findings in one or another animalnotably for example in the case of the pigeon (Ewald's pneumatic hammer experiments), the frog (unidirectional sensitivity of the canals to endolymph flow), and the dogfish (L6wenstein and Sand's finding of tonic impulses proceeding from the canals). Support for the argument that the external canal is not concerned in continued labyrinthine tonus is perhaps found in the pathological material provided by the authors. Were the external canal so concerned, unilateral paresis of recent origin would inevitably be associated with the occurrence of directional preponderance of nystagmus. But external canal paresis without associated directional preponderance of nystagmus is recorded even in cases where the short duration of labyrinthine symptoms suggested recent onset of the canal paresis.
The balance of evidence available would seem to suggest that the external canal is not concerned in the origin of the constant labyrinthine tonic influence. There does not, however, appear to be any evidence which would exclude the superior and posterior canals from being so concerned; these canals are relatively less sensitive to endolymph flow than is the external canal (Barfany); in many ways they are synergic with the utricle, and they may well be concerned with the latter in continued labyrinthine tonus. For convenience of nomenclature, it is probably well to agree with Cawthorne, FitzGerald and Hallpike, and to speak of utricular tonus and of utricular lesion as being the vestibular cause of a directional preponderance of nystagmus. But that the utricle alone is concerned is not proved.
Ewald's law.-The results of hot and cold caloric stimulation, using approximately equal thermal stimuli, both in normal subjects and in patients before and after unilateral labyrinthectomy, clearly demonstrate that in the human external canal ampullo-petal endolymph currents are not substantially (if at all) more effective than ampullo-fugal currents. Cawthorne, FitzGerald and Hallpike, by their strikingly simple experiments have clearly shown that Ewald's law relating to this is not applicable to the human external canal; interference with the normal balance of the continued tonus of the two labyrinths provides the explanation necessary of the phenomena following unilateral labyrinthectomy.
Effects of caloric irrigation.-If, however, conclusions are to be drawn from caloric tests as to labyrinthine physiology, or if pathological lesions are to be localized by such tests, certain considerations are first requisite. Cawthorne, FitzGerald and Hallpike report that in their experiments ampullo-fugal endolymph currents in the external canal produce nystagmus normally (i.e. in 80% of their cases) of longer duration than ampullo-petal currents-i.e. that cold irrigation is more effective than hot, the tests being made in the ampulla-up (or face-up) position.
This finding is in my view to be explained by the fact that eauivalent thermal stimuli were not employed. The water in the storage can was in each test regulated to 70 C. above and 7°C. below 37°C. Owing to cooling in the can and in the delivery tubing, the water actually reaching the ear would be 5-7°C. above, and 7.5,°C. below 37°C.-in other words the cold tests as applied afforded a substantially greater thermal stimulus than the hot.
A closer approximation to equal thermal stimuli would be obtained if the water in the storage can were adjusted to 440 C. and 31-8°C., but this would reauire to be adjusted for each series of tests, depending upon the size of the can, the length and thickness of the delivery tubing, the rate of flow of the water and the temperature of the room in which the tests are performed. Moreover one would think that not 370 C. but the ascertained internal temperature of each patient must determine the mean point in each case.
Considerable importance is to be attached to the determination of the normal relationship between the responses to cold and hot irrigation (C:H ratio) because from variations from an established normal we may learn to draw conclusions as to pathology and because the establishment of such a normal would remove one variable factor from our present caloric results and would thus result in greatly increased accuracy in their analysis.
Using equivalent thermal stimuli I have found that nystagmus after cold irrigation commonly is of slightly shorter duration than that after hot irrigation. The difference is small, and may well not indicate a differential sensitivity to the direction of endolymph flow but be peculiar to the caloric test, the crista being less sensitive when cooled and more sensitive when warmed.
Extra-canalicular effects.-Before conclusions as to the function of the external canal can be drawn from caloric tests, the possibility of results of irrigation other than mere canal stimulation must be considered. It may well be that cold and hot irrigations depress or stimulate the normal tonic impulses proceeding from the labyrinth of the irrigated ear. This was the explanation first provided to account for the phenomena following caloric stimulation, but was subsequently abandoned in view of the overwhelming evidence of thermal currents in the external canal. These currents must be the dominant factor, but if we are to base upon accurate caloric tests conclusions as to the physiology or pathology of the intralabyrinthine parts, we must consider the possible existence of other factors. Accepting the presence of continued labyrinthine tonus, which, if unbalanced, will produce spontaneous nystagmus or will increase or decrease nystagmus resulting from canal stimulation; it is then entirely to be expected that cooling of the labyrinth will decrease this tonus, and that warming of the labyrinth will increase this tonus.
The result of this would be to increase the nystagmus resulting from canal stimulation in the case of both cold and hot irrigation, if the external canal is in the ampulla-up position (i.e. the patient in the face-up position). In the ampulla-down (face-down) 548 Proceedings of the Royal Society of Medicine 36 position, however, the effect would be to decrease the nystagmus resulting from canal stimulation by both cold and hot irrigation.
I have examined eight patients in the manner suggested, using assumed equivalent thermal stimuli, and testing in the ampulla-up and ampulla-down positions. The tests are not easy of iperformance, and, while efforts have been made to secure equivalent conditions by affording similar fixation for the eyes and similar illumination, it has not been possible to avoid that congestion of the head and that muscular (and nervous) strain whicih must result in greater or less degree. from the adoption of the ampulla-down position. That such factors may affect the duration of nystagmus is likely. Lorente de N6 has stated that merely to tweak the tail of a rabbit which is the subject of experiment is to affect the duration of nystagmus, and de Kleyn and Versteegh are quoted by him as showing that irritation of the nose has a similar effect.
If these considerations are to be kept in mind, it may be stated that the results in the eight cases so tested by me show that the duration *of nystagmus after caloric irrigation is consistently less in the ampulla-down than in the ampulla-up position, suggesting that cold irrigation may depress the normal tonus of the labyrinth, and warm irrigation increase it.
Analysis of results.-An accurate test demands accurate analysis. Consideration must then be given as to the margin which must be allowed for variations within the normal and for observational or experimental error.
In the diagnosis of pathological lesions Cawthorne, FitzGerald and Hallpike attach importance to the appearance 'of '"patterns" on analysis of their familiar diagrams (calorigrams). These calorigrams are readily annreciated, but personally I have found it easier for purpose of analysis to record the results of the tests and the process of analysis in tabular form. Below appears a calorigram of an illustrative case, in diagrammatic Multiple manipulations of the figures are proper to determine the Dresence of "pattern reactions". Lines 1 and 2 (or 3 and 4) may be added to (or subtracted from), to compensate a variation in the Cold:Hot ratio. Lines 1 and 3, or 2 and 4, may be added to, or subtracted from, to compensate a canal paresis. Lines 1 a-nd 4 (or 2 and 3) may be added to, or subtracted from, to compensate a directional preponderance of nystagmus caused by (in the absence of cerebral lesion) an alleged utricular paresis. It will be seen that the possible manipulations are numerous; all must be practised in one case if necessary to achieve an approach to symmetry of the reactions.
It is clearly possible to obtain a "pattern reaction" in every calorigram with rare exceptions. Such an exception would be the recording of exactly equal duration of nystagmus in all four tests, or the finding of three equal reactions with one only at variance. In manipulating the figures to determine "^patterns", it is proper to vary simultaneously any combination of two figures, but never one figure only. Such a variant figure must remain variant with the other three. This persistent difference may be described as a discrepancy, for our present theory and present knowledge permit no explanation. Such a discrepancy is also frequently found in cases where the figures have been adjusted in correction of the pathological patterns noted-the adjustment has secured an approach to symmetry, but one figure remains at variance.
The occurrence of these discrepancies is of great importance. They have been numerous in the seventy subjects whom I have examined; they occur in the published cases of Cawthorne, FitzGerald and Neglect of these precautions may influence undesirably the results, more particularly when the point to be determined is the assumed end point of, visibility of a gradually diminishing nystagmus.
Discrepancies may be due to observational error, but they are certainly not always to be so explained, nor by error in technique. If such factors are responsible, which is the figure at fault, the obvious variant, or one of the others? If the latter, two figures are now capable of adjustment, and obviously a pathological pattern reaction may have been misdiagnosed or missed. In other cases, where the discrepancy is real, no explanation can be afforded; it may be, as previously suggested, that caloric irrigation does more than stimulate the external canal and cause exhibition of imbalance of labyrinthine tonus; it may be that the caloric tests can demonstrate pathological lesions other than canal paresis or utricular paresis. The mere possibility should encourage a healthy but reasonable scepticism in the interpretation of the results of caloric tests.
Emphasis has been laid upon the great facility with which pattern reactions can be obtained in most calorigrams, and upon the frequent occurrence of discrepancies because a valuable method of testing will fall into disrepute unless considerable conservatism is exercised in assessing results. For the present vestibular lesions must be diagnosed only when the reactions obtained are typical and considerable. Reactions in disease.-Cawthorne, FitzGerald and Hallpike's observations on the occurrence of directional preponderance of nystagmus in temporal lobe lesions are most valuable, as is their observation that they have not seen it in cerebral lesions not affecting the temporal lobe. It is, however, interesting that the case of de Kleyn and Versteegh quoted by them was an abscess not of the temporal lobe but of the frontal lobe, yet exhibited directional preponderance of nystagmus. It may well be that the abscess was a large one, secondarily affecting the temporal lobe, but in their paper de Kleyn and Versteegh do not state this.
While directional preponderance of nystagmus resulting from imbalance of labyrinthine tonus disappears as compensation becomes established, this apparently does not occur when the lesion is in the cerebrum or tracts. I have seen a clear-cut directional preponderance of nystagmus to the right of 35 seconds in a man aged 35 exhibiting a congenital left hemiplegia with left Horner's syndrome, .diagnosed as syringobulbia but perhaps Little's disease.
In dealing with "Meniere's " disease, Cawthorne, FitzGerald and Hallpike, in my view, in a small proportion of cases attribute to pathological changes in the vestibule reactions which are within the bounds of the normal or of observational error.
An interesting feature emerges from study of their findings in these cases of " Meniere's" disease. In any particular case the actual duration of caloric nystagmus is an unreliable indication of the vestibular function, but from the average of a number of cases a conclusion may be drawn.
In fifty normal controls Cawthorne, FitzGerald and Hallpike record that less than 20% showed nystagmus lasting more than 2 min. 10 sec. Their recorded cases of " Meni&re's " disease showing "canal paresis" only-i.e. excluding cases exhibiting directional prepon derance, which would tend to prolong the nystagmus, excluding also three cases described by the authors as showing canal paresis only, but which in my view show also directional preponderance (Cases 31, 34, and 39)-these cases of "canal paresis" only show nystagmus lasting more than 2 min. 10 sec. more than twice as often as do the normal controls; in 12 of the 26 cases. If cases with clear-cut paresis are excluded the percentage of the remainder with this excess reaction is of course very much higher.
The symptoms of " Menire's " disease are now coming to be accepted as being due to an asymmetrical vestibular paresis. While this is undoubtedly in many cases true, the above figures would suggest that in a proportion of cases there is still room for a diagnosis of local hypersensitivity, or, perhaps, of a lack of central inhibition, as being responsible for the symptoms. SUMMARY Consideration is given to various problems discussed in Cawthorne, FitzGerald and Hallpike's recent progressive papers dealing with the human vestibular function with 'particular reference to the caloric tests. The seat of origin of labyrinthine tonus is discussed. The thesis is accepted that the human external canal exhibits no marked difference of sensitivity to endolymph flow in one or other direction.
Consideration is given to the possibility that the caloric tests elicit responses other than those *due to endolymph flow notably by affection of labyrinthine tonus.
The analysis of the results of the caloric tests is discussed.
The results of the caloric tests in pathological states is considered. " Meniere's" disease may usually be accompanied by an asymmetrical vestibular paresis but in some cases hyperexcitability of the organ cannot be excluded.
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Proceedings of the Royal Society of Medicine 38 Squadron Leader G. H. Bateman, R.A.F.V.R., said that in the discussion so far as it had proceeded no mention had been made of the superior and posterior canals. He wondered whether Mr. Hallpike considered that the external canal had a preponderating physiological effect or whether all the canals had equal, though different, effects, and the external canal was discussed only because it was the easiest one to investigate.
Mr. H. V. Forster said it had been mentioned that sensitivity might be a cause of vertigo and in America he believed that allergy had been blamed for this symptom. Torsten Skoog of Lund, though aware that brain tissue was resistant to sensitization, had claimed that a sharply defined area in the medulla was not resistant (Acta otolaryng., Stockh., 1937, 25, 365) . He thought that this result of his experimental work was of interest to those seeking an explanation for certain attacks of vestibular vertigo, because of the proximity to the area of the vestibular nuclei. Mr. Hallpike's researches had demonstrated pathological changes in the end organ-the labyrinth-but did he think that changes in the central nervous system might also be at fault in some cases?
He believed that Thornval had once expressed the view that symptoms of vestibular vertigo might arise from disturbances in the medullary nuclei.
In the treatment of " M6ni6re's " syndrome he had found bulbocapnine useful, particularly during the acute attack.
Mr. Hallpike, in reply, said, with regard to Major Clarke's remarks, he was indebted to him for examining this work with such care and skill.
With regard to the question asked about the superior canals, the part played by the vertical canals was not known. As to the explanation of the greater effect of the cold stimuli, Major Clarke had pointed out very properly that although they had selected 30°and 44°C. respectively, it was very likely that the hot water lost heat at a greater rate than the cold in the course of running it in, and that this was a factor in the smaller responses usually obtained to hot stimulation.
In some of the published results the abnormalities appeared small, but he and his colleagues had pointed out that it was not only the time difference but the general amplitude which played a big part in arriving at a decision. Small time differences accompanied by big differences of amplitude of nystagmus were, they thought, significant and the cases which Major Clarke was referring to were of that kind. He would have thought that the establishment of these tests on a firm statistical basis was a matter of difficulty which could not be got over very quickly. It was important to have delicate tests of this kind.
With regard to the point made by Mr. Forster, the fact that gross changes of a constant type did occur in the labyrinth did suggest that the labyrinth was the principal seat of the disorder. There was no reason why the changes in the labyrinth should not to some extent have an allergic basis, and he had met one or two cases in which it was said very definitely that an attack could be produced by eating such food as cauliflower. But those cases were very rare.
